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Abstract. A two-form formulation for the N = 2 vector-tensor multiplet is
constructed using superfield methods in central charge superspace. The N = 2
non-Abelian standard supergauge multiplet in central charge superspace is also
discussed, as is with the associated Chern-Simons form. We give the constraints,
solve the Bianchi identities and present the action for a theory of the vector-tensor
multiplet coupled to the non-Abelian supergauge multiplet via the Chern-Simons
form.
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1. Introduction
In a recent paper [1], we constructed the N = 2 vector-tensor supermultiplet
[2, 3] as a constrained supergauge multiplet using superfield techniques in N = 2
central charge superspace [1, 4, 5]. In that work, the gauge component field of
this supermultiplet was introduced via an Abelian gauge connection superfield and
the antisymmetric tensor component field derived as a consequence of a particular
choice of constraints. In [1], we presented the theory for a free, non-interacting
vector-tensor multiplet, preferring to concentrate on the important theoretical is-
sues, such as the choice of constraints, the central charge hierarchy and construction
of a supersymmetric action. Our work, however, was motivated by recent results
in superstring theory [6], where the interacting vector-tensor multiplet emerged as
1
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being of fundamental importance. The coupling of the vector-tensor multiplet to
supergravity and to vector multiplets has also recently been considered [7, 8]. It was
shown that this requires the gauging of central charge, leading to a Chern-Simons
coupling between the vector-tensor multiplet and the N = 2 standard vector mul-
tiplet. With this in mind, it is the purpose of this paper to present the general
theory for the coupling of the N = 2 vector-tensor supermultiplet to both Abelian
and non-Abelian N = 2 standard supergauge multiplets via the associated super
Chern-Simons forms. To do this, it is convenient to present an alternative construc-
tion for the vector-tensor multiplet as a constrained super two-form. We do this
using superfield techniques in N = 2 central charge superspace. In this approach,
the two-form component field of this supermultiplet is introduced via a two-form
superfield and the gauge component field derived as a consequence of a particular
choice of constraints. We will also present, in central charge superspace, the general
theory for the N = 2 non-Abelian standard supergauge multiplet and its associated
Chern-Simons form. Finally, we can combine these two formalisms to construct
the general central charge superspace theory for the coupling of the vector-tensor
supermultiplet to an Abelian or non-Abelian standard supergauge multiplet via the
Chern-Simons form. We explicitly give the constraints, solve the Bianchi identities
and give the superfield action for this coupled theory.
2. N = 2 Central Charge Superspace
As discussed in [9, 10, 1], N = 2 central charge superspace is a space with co-
ordinates zM = (xm, θαi , θ¯
i
α˙, z, z¯) where x
m, z, and z¯ = z∗ are commuting bosonic
coordinates while θαi and θ¯
i
α˙ = (θαi)
∗ are anticommuting fermionic coordinates.
Taylor-series expansion of a generic superfield in the θ coordinates terminates after
a finite number of terms due to the anticommuting nature of θ. On the other hand,
the expansion in z and z¯ never ends. This means there are, a priori, an infinite
number of component fields in a general superfield. These can, however, be reduced
to a finite number off-shell by applying appropriate constraints.
Translations in this superspace are generated by the supercovariant differential
operators ∂a, ∂z, ∂z¯ , and
Diα =
∂
∂θαi
+ iσaαα˙θ¯
α˙i∂a − iθ
i
α∂z,
D¯α˙i = −
∂
∂θ¯α˙i
− iθαi σ
a
αα˙∂a − iθ¯α˙i∂z¯ ,
(2.1)
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where D¯α˙i = −(D
i
α)
†. The anticommutation relations for these operators are
{Diα, D¯α˙j} = −2iδ
i
jσ
m
αα˙∂m,
{Diα, D
j
β} = −2iǫαβǫ
ij∂z,
{D¯α˙i, D¯β˙j} = 2iǫα˙β˙ǫij∂z¯.
(2.2)
The supervielbein eA
M of this superspace is defined as the matrix that relates
the supercovariant derivatives DA = (∂a, D
i
α, D¯α˙i, ∂z, ∂z¯) and the ordinary partial
derivatives
DA = eA
M ∂
∂zM
. (2.3)
The torsion TA is defined as
TA = deA = 1
2
eCeBTBC
A. (2.4)
The non-vanishing components of the torsion are found to be
T iα
j
α˙
a = T jα˙
i
α
a = −2iǫijσaαα˙,
T iα
j
β
z = T jβ
i
α
z = 2iǫijǫαβ ,
T iα˙
j
β˙
z¯ = T j
β˙
i
α˙
z¯ = 2iǫijǫα˙β˙.
(2.5)
3. Vector-Tensor Multiplet: Gauge Theory Formulation
In this section we briefly describe the super-gauge theory formulation of the vector-
tensor multiplet presented in [1]. We begin by considering the geometrical form of
super-gauge theory in superspace with central charge. We then find a suitable set of
constraints on the super field strengths to reproduce the field content of the vector-
tensor multiplet. Here we restrict our attention to Abelian gauge theories, returning
to a discussion of non-Abelian theories below. Let us introduce an hermitian con-
nection A = dzMAM = e
AAA. The hermiticity of the connection implies
A = dxaAa + dθ
α
i A
i
α + dθ¯
i
α˙A¯
α˙
i + dzAz + dz¯Az¯, (3.1)
where Aa is real, A¯
α˙
i = (A
αi)†, and Az¯ = A
†
z. The curvature two-form is defined as
F = dA = 1
2
eBeAFAB. (3.2)
The curvature tensor F is subject to the Bianchi identities dF = 0. It is natural to
adopt a set of constraints which set the pure spinorial part of the curvature tensor
to zero. That is
F iα
j
β = F
i
α
j
β˙
= F iα˙
j
β˙
= 0. (3.3)
We would like to explore the consequences of (3.3). To do so we must solve the
Bianchi identities subject to these constraints. The result is that all the components
of the curvature tensor FAB are determined in terms of a single superfield F
i
αz¯ and
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its hermitian conjugate Fα˙iz = (F
i
αz¯)
†. Henceforth, we denote these superfields by
W iα and W¯α˙i. In particular F
i
αz = 0 and
Fab = −
1
16
iǫij σ¯a
α˙ασ¯b
β˙β
(
ǫα˙β˙D
j
βW
i
α + ǫαβD¯
j
β˙
W¯ iα˙
)
. (3.4)
F iα˙a = −
1
2
ǫα˙β˙σ¯a
β˙αW iα, (3.5)
Faz¯ = −
1
8
iǫij σ¯a
β˙αD¯
j
β˙
W iα, (3.6)
Fzz¯ =
1
4
iǫijǫ
αβDiαW
j
β , (3.7)
Furthermore, W iα is constrained to satisfy
D
(j
(βW
i)
α) = 0, D¯
(j
(β˙
W¯
i)
α˙) = 0, (3.8)
D¯
(j
β˙
W i)α = 0, D
(j
β W¯
i)
α˙ = 0, (3.9)
ǫαβD[iαW
j]
β = −ǫ
α˙β˙D¯
[i
α˙W¯
j]
β˙
, (3.10)
ǫαβD(iαW
j)
β = ǫ
α˙β˙D¯
(i
α˙W¯
j)
β˙
. (3.11)
Let us explore the consequences of (3.8)–(3.11) on the field content of W iα. The
expansion of W iα in the anti-commuting coordinates has the general form
W iα = λ
i
α + θ
β
jG
i
α
j
β + θ¯
α˙
j H
i
α
j
α˙ + O(θ
2). (3.12)
Conditions (3.8)–(3.11) will not impose any restriction on λiα. First we consider the
implications of the lowest component of superfield constraints (3.8)–(3.11). Condi-
tion (3.8) implies that
Giα
j
β = iǫ
ijfαβ + 2ǫ
ijǫαβD + iǫαβρ
ij , (3.13)
where fαβ = f(αβ) and ρ
ij = ρ(ij). Conditions (3.10) and (3.11) further imply the
reality condition D = D† and ρij = ρ¯ij where ρ¯ij = (ρ
ij)†. Condition (3.9) yields
H iα
j
α˙ = iǫ
ijhαα˙. (3.14)
Higher components of the superfield constraint (3.8)–(3.11) imply further condi-
tions on the fields fαβ, hαα˙, and D. One way to realize these conditions is to note
that, from equations (3.4), (3.6), and (3.7),
Fab = Fab| = −
1
8
σ¯a
α˙ασ¯b
β˙β
(
ǫα˙β˙fαβ + ǫαβ f¯α˙β˙
)
, (3.15)
Faz¯| =
1
2
ha, (3.16)
Fzz¯| = 2iD, (3.17)
where f¯α˙β˙ = (fαβ)
† and ha = −
1
2
σa
αα˙hαα˙. The equations (3.7)–(3.11) are the general
solution of the Bianchi identities subject to our constraints. It was shown in [1],
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that three of these Bianchi identities imply that Fab is the field strength of a gauge
field Va
Fab = ∂aVb − ∂bVa. (3.18)
and that
∂[ah
R
b] = −
1
2
(∂z + ∂z¯)Fab, (3.19)
∂[ah
I
b] = −
1
2
i(∂z − ∂z¯)Fab, (3.20)
∂aD = −
1
4
i
{
(∂z − ∂z¯)h
R
a + i(∂z + ∂z¯)h
I
a
}
, (3.21)
where ha = h
R
a + ih
I
a.
This is as far as we can go using solely the constraints (3.3). So far we have the
following component fields: an SU(2) doublet of spinors λiα, a real gauge field Va,
a complex vector field ha, a real scalar D and a real SU(2) triplet of scalars ρ
ij .
We would like to impose further constraints to reduce the number of fields to an
irreducible multiplet. First consider the fields D and ρij? We will find that D and
ρij play the role of auxiliary fields. Note that the usual N = 2 gauge multiplet has
a triplet of auxiliary fields. Hence, if we want to derive the usual gauge multiplet
we are led to set D to zero by promoting the constraint (3.10) to the stronger one
ǫαβD[iαW
j]
β = 0, ǫ
α˙β˙D¯
[i
α˙W¯
j]
β˙
= 0. (3.22)
We will discuss this constraint, in the non-Abelian context, later. On the other
hand, if we want to derive the vector-tensor multiplet, which has a single auxiliary
field, we must eliminate ρij . This can be achieved by promoting condition (3.11) to
the stronger condition
ǫαβD(iαW
j)
β = 0, ǫ
α˙β˙D¯
(i
α˙W¯
j)
β˙
= 0. (3.23)
Henceforth, we add condition (3.23) as a further constraint on the theory. Now let
us proceed using conditions (3.8)–(3.10) as well as the stronger version of (3.11),
constraint (3.23). Apart from eliminating ρij , it can be shown that the consequences
of imposing (3.23) are
∂ahRa = i(∂z − ∂z¯)D,
∂ahIa = −(∂z + ∂z¯)D,
∂bFab = −
1
4
{
(∂z + ∂z¯)h
R
a + i(∂z − ∂z¯)h
I
a
}
.
(3.24)
We would like to render the real and imaginary components of ha as field strengths.
To do this, we must impose yet another, and final, constraint. We take a reality
condition on the central charge
∂zW
i
α = ∂z¯W
i
α. (3.25)
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This means that superfield W iα, and hence all the curvature tensor components,
depend on the two central charges z and z¯ only through the combination z+ z¯ with
no dependence on z − z¯. Substituting from constraint (3.25) into (3.20) and (3.24)
immediately gives the following constraints on the real and imaginary components
of ha
∂ahRa = 0, ∂[ah
I
b] = 0. (3.26)
They assert that hRa and h
I
a are field strengths of an anti-symmetric tensor and a
scalar field respectively. That is
hRa =
1
3
ǫabcdH
bcd = 1
3
ǫabcd∂
bBcd,
hIa = 2∂aφ.
(3.27)
In conclusion, we find that the component fields in W iα are exactly those of the
vector-tensor multiplet, namely (λiα, φ, Bab, Va, D). These fields are actually func-
tions of the central charge coordinates as well as the spacetime coordinates. How-
ever, by virtue of constraint (3.25), they depend on the central charge coordinates
only via z + z¯. Let us introduce a real central charge coordinate s = z + z¯. We
now show that the above conditions completely determine their dependence on s
in terms of their lowest component in their central charge expansion. To see this,
let us summarize the relevant conditions in (3.20), (3.21), and (3.24) derived on the
bosonic fields. They are
∂sD = −
1
2
∂ahIa,
∂sh
R
a = −2∂
b
Fab,
∂sh
I
a = 2∂aD,
∂sFab = −∂[ah
R
b] .
(3.28)
Equations (3.28) constitute a system of first-order “differential equations” for the
s dependence of the bosonic fields. The general solution is completely determined
in terms of the “initial conditions”; that is, the values of the fields at s = 0, say,
D(xm), ha(x
m), and Fab(x
m). Thus in a Taylor series expansion in s each term in
the series gets related to lower-order terms, so that for instance,
D(xm, s) = D(xm)− 1
2
∂ahIa(x
m)s− 1
2
✷D(xm)s2 + · · · , (3.29)
with similar formulas for hRa , h
I
a, and Fab. Furthermore, in [1] we showed that
∂sλ
i
α = σ
a
αα˙∂aλ¯
α˙i, (3.30)
where λ¯α˙i = (λ
i
α)
†. Equation (3.30) is the relation for the fermionic field λαi corre-
sponding to equations (3.28) for the bosonic fields. It fixes the expansion of λiα in
the central charge s, leaving only the lowest component λiα(x
m) arbitrary.
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We now compute the supersymmetry transformation of the different component
fields. To do this we have to act on W iα with
δξ = ξ
α
i Q
i
α + ξ¯
i
α˙Q¯
α˙
i . (3.31)
We find
δξD = −
1
2
i
(
ξαi σ
a
αα˙∂aλ¯
α˙i + ξ¯α˙i σ
a
αα˙∂aλ
αi
)
,
δξφ =
1
2
i
(
ξαiλ
αi − ξ¯α˙iλ¯
α˙i
)
,
δξBcd =
1
6
ǫabcdσ
ab
(αβ)ξ
α
i λ
βj + 1
6
ǫabcdσ¯
ba
(α˙β˙)ξ¯
α˙
i λ¯
β˙i,
δξVa = −
1
2
ξαiσ¯a
α˙αλ¯kα˙ +
1
2
ξ¯α˙iσ¯a
α˙αλkα,
δξλ
i
α = 2iξ
βiǫα˙β˙σaαα˙σ
b
ββ˙∂[aVb] + 2ξ
i
αD +
i
3
ξ¯α˙iσaαα˙ǫabcd∂
bBcd − 2σaαα˙ξ¯
α˙∂aφ.
(3.32)
The fields in these supersymmetry transformations are formally functions of both
xm and s, but (3.32) also express the variations of the lowest-order independent
fields, which are functions of xm only.
To get the central charge transformations we have to act with δω = ω∂s on W
i
α.
It is straightforward to get the following set of transformations
δωD = −ω✷φ,
δωφ = ωD,
δωB
cd = 3ωǫabcd∂aVb,
δωVa = −
1
6
ωǫabcd∂
bBcd,
δωλ
i
α = ωσ
a
αα˙∂aλ¯
α˙i.
(3.33)
Expressions (3.32) and (3.33) reproduce the supersymmetry and central charge
transformations of the vector-tensor multiplet given in the component field calcula-
tions of [2, 3, 6].
We now give the superfield action for the pure vector-tensor multiplet. In [1] it
was found that the appropriate action is
S =
∫
d4x
{
− 1
192
Dαi DαjW
βiW
j
β +
1
192
D¯α˙iD¯
α˙
jW
βiW
j
β + h.c.
}
=
∫
d4x
{
−1
4
FabF
ab − 1
2
∂aφ∂
aφ− 1
12
∂aBbc∂
aBbc + 1
2
D2 − 1
4
iλαiσaαα˙∂aλ¯
α˙
i
}
.
(3.34)
This represents a central charge generalization of the type of superactions considered
in [11]. This completes our brief discussion of the gauge superfield formulation of
the vector-tensor multiplet.
TWO-FORM FORMULATION OF THE VECTOR-TENSOR MULTIPLET 8
4. Integrability and the Superfield W
The results of the previous section are sufficient to describe the vector- tensor
multiplet. However, there is an, as yet, undiscussed property of this theory which
gives considerable insight into the nature of this multiplet. The constraints on
superfield W iα are given in (3.8)-(3.10), (3.23) and (3.25). These constraints are all
first order differential conditions. Further differentiation of these constraints leads to
a number of integrability conditions. These are sufficient to allow one to completely
solve for W iα in terms of a real scalar superfield. This scalar superfield is subject to
predominantly second order constraints. Specifically, we find that
W iα = iD
i
αW, (4.1)
where scalar superfield W is real, that is W † = W . The form of (4.1) follows
immediately from the W iα constraint (3.8) and the fact that
D
(i
(αD
j)
β) = 0 (4.2)
The superfield W is subject to a set of constraints that can be obtained by substi-
tuting (4.1) into (3.9), (3.10), (3.23), and (3.25). Substituting expression (4.1) into
W iα constraints (3.9) and (3.23) implies that W must satisfy the conditions
D(iα D¯
j)
β˙
W = 0, D¯
(i
α˙D
j)
β W = 0 (4.3)
and
ǫαβD(iαD
j)
β W = 0, ǫ
α˙β˙D¯
(i
α˙ D¯
j)
β˙
W = 0 (4.4)
respectively. Finally, using the fact that
D
[i
[αD
j]
β] = −iǫ
ijǫαβ∂z (4.5)
we find from W iα constraint (3.10) that
∂zW = ∂z¯W. (4.6)
The appearance of W in this gauge formulation is, at first sight, somewhat sur-
prising since all the curvature tensor components are given in terms of W iα and its
derivatives. However, as we will show in a forthcoming paper [12], there exists a
one-parameter class of constraints, all of which describe the vector-tensor multiplet.
The set of constraints that we use in this paper is a single instance of this class
of constraints. In all but this particular instance, the scalar superfield W appears
explicitly and naturally as a component of the curvature tensor.
Note that since W iα is a gauge-invariant object, so is W . Since W
i
α and, hence,
all other physically relevant superfields can be obtained from W by differentiation,
TWO-FORM FORMULATION OF THE VECTOR-TENSOR MULTIPLET 9
it is clear that W plays a fundamental role in the description of the vector tensor-
multiplet. In particular, W should contain all the component fields of the vector-
tensor multiplet. Indeed it does, but in a somewhat non-trivial way. To see this, let
us postulate the following expansion of W in the anti-commuting coordinates
W = 2φ− iθαi λ
i
α + iθ¯
α˙
i λ¯
i
α˙ + θ
α
i θ¯
α˙ihRαα˙ +
1
2
θαi θ
βifαβ −
1
2
θ¯α˙i θ¯
β˙if¯α˙β˙ + O(θ
3). (4.7)
We remind the reader that the component fields satisfy (3.15), (3.18) and (3.27).
Substituting this into relation (4.1), we find that it correctly reproduces the compo-
nent expansion (3.12)-(3.14) of W iα as long as one can identify the derivative term
∂sφ with the auxiliary field D. This identification can be justified using the central
charge conditions (3.28). Specifically, combining the definition of φ in (3.27) with
the equations (3.28), we find that
φ(xm, s) = φ(xm) +D(xm)s− 1
2
✷φ(xm)s2 + ... (4.8)
and therefore
D = ∂sφ|s=0 (4.9)
Conditions (3.28) further imply that all other coefficients in the s expansion of W
are determined in terms of λiα, φ, Bab, Va and D. We conclude that (4.7) is indeed
the correct component expansion of scalar superfield W and that it contains all
of the component fields λiα, φ, Bab, Va and D. It is interesting to note that the
component fields λiα, φ, Bab and Va all occur at zeroth order in the central charge,
whereas auxiliary field D appears at first order in the Taylor expansion of φ in
the central charge s. This is similar to the appearance of the auxiliary fields φi
in the Fayet-Sohnius multiplet. In that superfield, the lowest order piece gives the
dynamically propagating fields Ai, while the first order term in the s-expansion gives
the auxiliary fields. In the above discussion, we derived the component expansion
of W making use of our previous results for W iα. It is important to emphasize,
however, that this is not necessary. The conditions that superfield W be real and
satisfy constraints (4.3), (4.4) and (4.6) are sufficient to completely determine the
component structure. Furthermore, the supersymmetry transformations (3.32) and
the central charge transformations (3.33) can be determined directly by acting on
W with (3.31) and δω = ω∂s.
We close by emphasizing that the vector-tensor multiplet is formulated in this
section as a gauge multiplet, where the component gauge field Va is introduced
directly in the one-form connection and the appearance of the antisymmetric tensor
component field Bab is a consequence of applying the appropriate constraints. Note,
however, that the N = 2 superfield W bears a close resemblance to the real linear
multiplet superfield of N = 1 supersymmetry. For N = 1 theories, a geometric
superspace formulation of the linear multiplet in terms of a two-form multiplet was
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constructed in [13]. This suggests that the N = 2 vector-tensor multiplet has a
similar formulation in terms of an N = 2 two-form multiplet as well. This will be
the subject of Section 5.
5. Vector-Tensor Multiplet: Two-Form Formulation
One begins by introducing a real two-form superfield in superspace with central
charge.
B = 1
2
eBeABAB (5.1)
where eA denotes the frame of flat superspace. The invariant field strength is the
three-form
H = dB (5.2)
Its component superfields, defined by
H =
1
3!
eCeBeAHABC (5.3)
are then subject to a set of constraints. The first of these stipulates that any
completely spinorial component of H must vanish. That is
H
ijk
αβγ = 0. (5.4)
The second constraint is given by
H
ij
αβa = 0, H
ij
α˙β˙a
= 0. (5.5)
The third, and final, constraint is that
H
ij
αβ˙a
= Hji
β˙αa
= 2iǫijσaαβ˙L (5.6)
where L is a real superfield. We now solve the Bianchi identities, dH = 0, subject
to these constraints. We find that all component superfields of H vanish except for
the following
H
ij
αβz¯ = −4iǫ
ijǫαβL, H
ij
α˙β˙z
= −4iǫijǫα˙β˙L, (5.7)
Hkγz¯z = 2D
k
γL, H
k
γ˙zz¯ = 2D
k
γ˙L, (5.8)
H iαz¯a = −2ǫαβ σ¯a
γ˙βD¯iγ˙L, H
i
α˙za = 2ǫα˙β˙ σ¯a
β˙γDiγL, (5.9)
Hkγab = −2σabγ
αDkαL, H
k
γ˙ab = 2σ¯ab
α˙
γ˙D¯
k
α˙L, (5.10)
Hzab = −
i
2
ǫijǫ
αγσabγ
βDiαD
j
βL, Hz¯ab =
i
2
ǫijǫ
α˙γ˙ σ¯ab
β˙
γ˙D¯
i
α˙D¯
j
β˙
L, (5.11)
Hazz¯ = −
i
4
ǫij σ¯a
α˙α[Diα, D¯
j
α˙]L, Habc = −
1
8
ǫabcdσ¯
dβ˙αǫij [D
i
α, D¯
j
β˙
]L. (5.12)
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Furthermore, superfield L is required to satisfy
D(iα D¯
j)
β˙
L = 0 (5.13)
as well as
ǫαβD(iαD
j)
β L = 0, ǫ
α˙β˙D¯
(i
α˙ D¯
j)
β˙
L = 0 (5.14)
It is important to note that these conditions on L are the same as constraints (4.3)
and (4.4) on superfield W . If we impose one additional constraint on L, namely
that
∂zL = ∂z¯L (5.15)
then the constraints on L are the exactly same as those on W . As discussed at the
end of the previous section, the conditions that superfield L be real and satisfy con-
straints (4.3), (4.4) and (4.6) are sufficient to completely determine its component
field structure. Since the constraints are identical to those on W , it follows that su-
perfield L describes the vector-tensor multiplet with component fields λiα, φ, Bab, Va
and D. Furthermore, the supersymmetry transformations (3.32) and the central
charge transformations (3.33) can be determined directly by acting on L with (3.31)
and δω = ω∂s. That is, we can identify
L = W (5.16)
We conclude that the vector-tensor multiplet can be equivalently described by in-
troducing the two-form component field Bab directly through a two-form superfield
and deriving the gauge component field Va by applying the appropriate constraints.
6. Non-Abelian Superauge Multiplets and Chern-Simons Forms
Having presented both a supergauge field formulation and a super three-form for-
mulation of the vector-tensor multiplet, we now return to the generic supergauge
theory of Section 3. We modify that theory so as to describes usual N = 2 su-
pergauge multiplets associated with a non-Abelian gauge group. This modification
is very straightforward. We begin by introducing a Lie algebra valued Hermitian
connection A = dzMA = eAAA. The hermiticity of the connection then implies
A = dxaAa + dθ
α
i A
i
α + dθ¯
i
α˙A¯
α˙
i + dzAz + dz¯Az¯, (6.1)
where Aa is real, A¯
α˙
i = (A
αi)†, and Az¯ = A
†
z. The curvature two-form is defined as
F = dA+AA = 1
2
eBeAFAB. (6.2)
The curvature tensor F is subject to the Bianchi identities DF = 0. As in the
Abelian case, we will adopt a set of constraints which set the pure spinorial part of
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the curvature tensor to zero. That is
F
i
α
j
β = F
i
α
j
β˙
= Fiα˙
j
β˙
= 0. (6.3)
Before imposing further conditions we would like to explore the consequences of
(6.3). To do so we must solve the Bianchi identities subject to these constraints. The
result is that all the components of the curvature tensor FAB are determined in terms
of a single superfield Fiαz¯ and its hermitian conjugate Fα˙iz = (F
i
αz¯)
†. Henceforth, we
denote these superfields by Wiα and W¯α˙i. In particular F
i
αz = 0 and
Fab = −
1
16
iǫij σ¯a
α˙ασ¯b
β˙β
(
ǫα˙β˙D
j
βW
i
α + ǫαβD¯
j
β˙
W¯
i
α˙
)
. (6.4)
F
i
α˙a = −
1
2
ǫα˙β˙σ¯a
β˙α
W
i
α, (6.5)
Faz¯ = −
1
8
iǫij σ¯a
β˙α
D¯
j
β˙
W
i
α, (6.6)
Fzz¯ =
1
4
iǫijǫ
αβ
D
i
αW
j
β. (6.7)
Furthermore, Wiα is constrained to satisfy
D
(j
(βW
i)
α) = 0, D¯
(j
(β˙
W¯
i)
α˙) = 0, (6.8)
D¯
(j
β˙
W
i)
α = 0, D
(j
β W¯
i)
α˙ = 0, (6.9)
ǫαβD[iαW
j]
β = −ǫ
α˙β˙
D¯
[i
α˙W¯
j]
β˙
, (6.10)
ǫαβD(iαW
j)
β = ǫ
α˙β˙
D¯
(i
α˙W¯
j)
β˙
. (6.11)
Now, as discussed in Section 3, it is necessary to impose additional constraints to
further reduce the number of fields to an irreducible supermultiplet. In order to
obtain the usual gauge multiplet in the Abelian case, one introduces constraint
(3.22). The non-Abelian generalization of this is straightforward and is obtained by
promoting constraint (6.10) to the stronger one
ǫαβD[iαW
j]
β = 0, ǫ
α˙β˙
D¯
[i
α˙W¯
j]
β˙
= 0. (6.12)
Note that this additional constraint is equivalent to setting
Fzz¯ = 0. (6.13)
Furthermore, it is necessary to add a reality condition on the central charge given
by
DzW
i
α = Dz¯W
i
α, DzW¯
i
α˙ = Dz¯.W¯
i
α˙ (6.14)
Constraints (6.3), (6.12) (or, equivalently, (6.13)) and (6.14) are sufficient to com-
pletely describe the non-Abelian supergauge multiplet. Now, as in the case of the
vector-tensor multiplet, these constraints are such as to allow us to completely solve
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for Wiα and W¯
i
α˙ in terms of two complex scalar superfields W and W¯. Specifically,
we find that
W
i
α = iD
i
αW, W¯
i
α˙ = −iD¯
i
α˙W¯, (6.15)
where scalar superfield W is complex and W¯ = W†. The form of (6.15) follows
immediately from the constraint (6.8) and the fact that
D
(i
(αD
j)
β) = 0. (6.16)
The superfields W and W¯ are subject to a set of constraints that can be obtained
by substituting (6.15) into (6.9), (6.11), (6.12) and (6.14). Substituting expression
(6.15) into constraints (6.9) and (6.11) implies that W and W¯ must satisfy the
conditions
D¯
(i
α˙D
j)
β W = 0, D
(i
αD¯
j)
β˙
W¯ = 0 (6.17)
and
ǫαβD(iαD
j)
β W = ǫ
α˙β˙
D¯
(i
α˙D¯
j)
β˙
W¯ (6.18)
respectively. Using the fact that
D
[i
[αD
j]
β] = −iǫ
ijǫαβDz, (6.19)
we find from constraint (6.12) that
DzW = 0, Dz¯W¯ = 0. (6.20)
Combining this result with constraint (6.14) we have, finally, that
DzW = Dz¯W = 0, (6.21)
DzW¯ = Dz¯W¯ = 0. (6.22)
As will be discussed elsewhere, it is possible, using the redundancy in the solution
of (6.15), to choose W and W¯ to satisfy D¯iα˙W = D
i
αW¯ = 0. We do this henceforth.
The Chern-Simons form associated with this non-Abelian supergauge theory is
defined to be
Q = tr (AF − 1
3
AAA) (6.23)
The Chern-Simons term can be coupled to the super two-form B discussed in the
previous section by modifying the three-form superfield strength H to become
H = dB + κQ (6.24)
where κ is an arbitrary real coupling parameter. Its component superfields, defined
by
H =
1
3!
eCeBeAHABC (6.25)
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are then subject to the constraints
H
ijk
αβγ = 0. (6.26)
H
ij
αβa = 0, H
ij
α˙β˙a
= 0. (6.27)
H
ij
αβ˙a
= Hji
β˙αa
= 2iǫijσaαβ˙L (6.28)
where L is a real superfield. The addition of the Chern-Simons form modifies the
Bianchi identities to
dH = κ trFF (6.29)
We now solve these Bianchi identities subject to the above constraints. We find that
H
ij
αβz¯ = −4iǫ
ijǫαβL, H
ij
α˙β˙z
= −4iǫijǫα˙β˙L. (6.30)
H
k
γz¯z = 2D
k
γL, H
k
γ˙zz¯ = 2D
k
γ˙L. (6.31)
H
i
αz¯a = −2ǫαβ σ¯
γ˙β
a D¯
i
γ˙L, H
i
α˙za = 2ǫα˙β˙σ¯
β˙γ
a D
i
γL. (6.32)
H
k
γab = −2σabγ
αDkαL, H
k
γ˙ab = 2σ¯ab
α˙
γ˙D¯
k
α˙L, (6.33)
Hzab = −
i
2
ǫijǫ
αγσabγ
βDiαD
j
βL + ikǫijǫ
β˙γ˙ σ¯ab
α˙
γ˙ tr (W¯
i
α˙W¯
j
β˙
), (6.34)
Hz¯ab =
i
2
ǫijǫ
α˙γ˙σ¯ab
β˙
γ˙D¯
i
α˙D¯
j
β˙
L− ikǫijǫ
βγσabγ
α tr (WiαW
j
β), (6.35)
Hazz¯ = −
i
4
ǫij σ¯a
α˙α[Diα, D¯
j
α˙]L + 2ikǫij σ¯a
αα˙ tr (WiαW¯
j
α˙), (6.36)
Habc = −
1
8
ǫabcdσ¯
dβ˙αǫij([D
i
α, D¯
j
β˙
]L + 8κ tr (WiαW¯
j
β˙
)). (6.37)
Furthermore, superfield L is constrained to satisfy
D(iα D¯
j)
β˙
L = −2κ tr (W(iαW¯
j)
β˙
) (6.38)
as well as
ǫαβD(iαD
j)
β L = 4κ tr (W¯
i
α˙W¯
jα˙), ǫα˙β˙D¯
(i
α˙ D¯
j)
β˙
L = 4κ tr (WiαWjα) (6.39)
It follows that the addition of the Chern-Simons terms modifies both the solutions
of the Bianchi identities and the constraints on L. In particular, the constraints
now include terms proportional to W
(i
αW¯
j)
β˙
and WiαWjα and its conjugate. However,
these constraints can be rewritten to be more closely analogous with (5.13) and
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(5.14). Using (6.15) and the fact that D¯iα˙W = D
i
αW¯ = 0, it is straightforward to
show that (5.13) and (5.14) can be written in the form
D(iα D¯
j)
β˙
Σ = 0 (6.40)
and
ǫαβD(iαD
j)
β Σ+ ǫ
α˙β˙D¯
(i
α˙ D¯
j)
β˙
Σ = 0 (6.41)
respectively, where
Σ = L− 2κ tr (W+ W¯)2 (6.42)
As was discussed in [1], and used to construct the superfield action for the pure
vector-tensor action (3.34), the generic form for a supersymmetric action in central
charge superspace is necessarily of the form
S =
∫
d4x{Dαi Dαj − D¯α˙iD¯
α˙
j }M
ij (6.43)
where M ij must be real, symmetric in the indices i and j and satisfy
D(iαM
jk) = 0 (6.44)
For example, for the pure vector tensor multiplet discussed in Section 3, we chose
M ij = −W β(iW
j)
β + W¯
(i
β˙
W¯ j)β˙. In the case of the Chern-Simons modified theory, the
appropriate action is given by (6.43) where
M ij = Dβ(iΣD
j)
β Σ + ΣD
β(iD
j)
β Σ− D¯
(i
β˙
ΣD¯j)β˙Σ (6.45)
Note that this expression satisfies the above criteria. It is straightforward to expand
this action into component fields. We will do this, and explore other issues involving
theories of this type, in future publications.
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